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SUIMMARY

The Anopheles gambiae complex includes si morphologically identical specien, two
of w~hich (A. gambiae avid A. arabiernsis ) are thie p!- iav y Afr ican malaria .eto)i '

today. Since two or more of the species are commonly s,'mpatric, epidemiological
studies to determine the invol,.ement of each in maaria transmissior f[,je been
difficult. This report describes our efforts to develop a DNA probe t. distiv-
quist' A. cgambiae from A~. arabier'iis. The DNA probe is a froagment of tDNA fr-LM A.
gamoiap which cisplays ar 9FLP wften the t'.1 spec ie, are ccmpa-ec r,, Scuth ri acj-

Vs.s. rhm,, f,4r the pobe rias prover to t~e etrtTeel ser!,iti .e -11-_EW a
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FOREWORD

Studies "itth Recombinant DNA: The inetgtj has abided by the Nationial Insti
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ANNUAL REPORT

1. Statement of Problem Under Study: The two major malaria vectors, A. gambiae
and A. arabiensis are morphologically indistinguishable (1,2). Yet biological
studies indicate that these two sympatric species may not be equally involved in
malaria transmission in those areas where they co--exist (3,4). Therefore, the
resolution of a number of important epidemiological question concerning their
role in malaria transmission is currently impossible. Epidemiological studies
require a reliable means for species :de'ntification of individual fielc speci-
mens. Moreover, these individuals must also be assayed for the presence of the
malaria 3porozoite. Presently, the only ccmpletely reliable means for species
identification of adults is based upon examination of ovarian nurse cell polytene
EhrcmosomeE_ )5. Alternative procedures based on enzyme electromorphs or those
based on cuticular Hydrocarbon profiles (5) are not reliable. Clearly, there ar-&
nureou , reasors wiry neither enzyme variation no, HPL- are practical epidemioi:g-
ical tools ror field specimens. Thus far, however, several reliablc immunologi-
cal proc.edures to assay sporozoites in dried field specimens have just teen de--
velozed J'-l>. Therefore, a very useful addition to these epidemiological tools
woijld be a mea's -f relidbly identifying the spec.es of individual dried mosqui-
toes. Tiis -eport will discuss our current efforts which have resulted in the
de,,e'opment of a reliable -pecies assay.

2. Ba,:rroerd: Manv of the major malaria vectors are members of species com-
Ilexe s f r irtanice, A. culicifacies ,12 A . leucosphyrus 13), and the a. a,-
aiti s biirno s Pe, l). in these complexes, as well as in the 4. gamriae cr-,
pie, -eliable species identificatiort o individuals is currenty tedicu- arid
ji ,jlt. Since miiria :ontinues to -epresert a majo- world h-ealth p,-ctle.

e:idemrological studi:s with these species is crucIal.

,stud ie, orsed cn two 3ympat-ic species, A. ga'nbiae and 4. aratien-mis.
-opcsal -pothesIzed that the genDa-r DNA of these two speci es cu, re1tly di e'

-,a s t!;at i",uid (:- i t ,el :able spec ies ioentific t .. ; t I --a - -o

CL e xe lr a I , ec1e's differeitiat ing assay a,,ied u er , -e-r 1 1tr,(, T<J, .

eic, th l c I chirr is detected h ei ther here 'I- , c-r e t'E-
7 . i , '- h-st _a" 'f or we fo-d twit fr t - -i 1

v e% ,ii bt, lnost istf-jl for h o, " i . lr. F- e t 
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i-f[- r.. . -r f- cuse1 t 1 c thss- . ec ., oce'pi r the- , _ T . ,
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least 200 copies per genome arranged in a few large tandem assays (18). The-e-
fore, the rDNA genes possess the ability to yield useful RFLPs as well as

species-specific sequences. both of which would be thew basis for a diagnostic as-

say.

4. Ex~periments and Results: Development of a single mosquito species assay used
to distintguish A. gambiae from 11. arabiensis. The strategy employed in this w jrl
was to quickly identify pnrtion~s) of an rDNA gene ir, A. gamblae whici were non-

coding regions; i.e., the intrors and spacers. Such non-coding D14A fragrnent(s
would thten be the basis for further studies tco determine whether they could re-
veal ant RFLP i.n A. arabiensis DNA.

(i) Isolation of a diagnostic clo~ned r[INA fragment. Ati A. gamb iae gerom ic 1 1-
ttar. was screened Lvjitr a Sciara coprophila rDNA clone f]O) jhich coentains one
completE cistron. Tnirty-two A. gambiae rDNA-containing phace were isr-lated ,rd
splected for further- analysis. These clcineE were restricted with various; eo,-vre-,

a',,d sub 1octed to Soutrhein analvsis. it- order to find no-nconser-.ed regions th-at
rrigh)t bc- used tci reveal difference5 betwemen the species. 7he blot". were th-ere-
fn-e p-o~ed wt' c~ar- rrNA which is no)t e :oected to hvthridiz-e to fira-,ments f~i
the n or,-~sor . j req ions Pest ri t in fraqeprt ; trcn. sUCh g o thOSn 'cI

tri r 1 1 gI,, L the f- ca-a Probp,) Ne F ther isclated f! nq geK and usec_' t prote e-
... ii' F! I- tlof s i-f i-.. crio1b .3e 3r" a -atir~i Dh2. ne ~4v 5 i~*

ic rt I , va!; fo.,rd to- cLnot ai a ~9h FcuP1-':)w1 I re-,tr~ 1c, frag3 'er t
n-~-~ t h~Ejvp a d'Ffe,-Eot pittei o h,,- ijizatior to 4. q~ae ,er.uc-

She'i gerrftlw flN. The ' 9 F coPI-Eal; fra3iment is ver :o t,) thi

r f l : I Rh c . i - g l rc o f t h e c l~i h s r g t ' U ~ ~ ~ t n o e ~ e

i:J 1phi i't,(7 i,~.ri1 e hv the C. 4 f'norrt iil~E

-c -- ig sln a f- (

3 e, t. E. 1. r, e r 7, t- .t

.f J

W- 4 . . -
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Fig. 1. "AAgrl2 Restriction map. The approximate locations of the lBS and 28S
regions were determined by hybridization with heterologous Sciara rDNA (pBC2),
kindly provided by S. Gerbi, and Call _i phora. rDNA (pKB-42 and pKB-33), kindly
provided K. Beckingham. X Agr12 contains slightly more than 1 rDNA cistron, in-
cluding the NTS. The dashed line indicates weak hybridization to the heterolo-
gous probes. The .59kb EcoRI-Sall restriction fragment which reveals a diagnos-

tic restriction fragment length polymorphism between A. gambiAe and A. arabilensis
is shown as a darkened bar. .
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Fig. 2. Hybridization of pAgrl2A to EcoRI digests of single dried female mos-
quitoes. Species and geographic origin ot specimens are as follows: (1) A.
melas (The Gambia), (2) A. arabiensis (Sudan, SENNAR colony), (3) A. arabiensis
(Sudan, G/MAL colony), (4) A. a rab iens is (Kenya), (5) .. a ra.biensis (Burkina
Faso), (6) A. gqarmbiae (Tanzania), (7) A. g ambiae (Zanzibar), (8) A. gambiae

(Kenya), (9) A. gambiae (Nigeria), (10) A. gambiae ([he Gambia, G3 colony).
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tion in A. arabiensis and A. melas are probably due to inter-cis trcn.;( \arlation

in the spacer r-egion.

In summary, specimens dessicated b,' a vpr-, simnple imthcrd show.v no F..idc-rce uf

DiNA degradation even when stored at room tempe'ature fmr as lcrnq as, nime ot.

Mreo,/et, in other preliminary re>xpe'- mFei-t' vie foun that ot her life sta.,es zuch-

as second instar larviae and pupae (and oyoul bothi s-e) are reziolly scoled

b-,. the DWi- probe.

ii.Genomic. locationi o-f thT- diaqnos t:; ,i-he. Og-zs rcf ttre Di
ci stron appears to be the same :n both ma'e,- arnd femai- E!,, as ujg(i< Ov Doutoop-
blots of male and femak- FiNO. Howeve!r. t' iiter-sit: rf h.riiair f~~gK

to 1peiomic Sotithern blats, as shoLNn in figure S. indicates that. males [:a,e a
FInaI er- rumber of total coo'es, whichb i~s E- p.: .ted if the! !EtJ14 ijees r-u c e or --
.. chrrmcs orme. A. gainbiae-'T. araniersis nvtArid fsmale mco~auitces r-ae d in the
1 aboratcr -, conta.n both c-f the ' ar-E-itab type~s of r-DNA cistro-, (Fig I< Cla

hhr , ds oni t he c ther ha nd , -choN t he r i st rr tr jr t _r e r-f t he f erra 1e pa enr t

d ic at ' -g tha t tie rPNA genes. arE? Doca t --?1 pr Imar iv 1f ro0t E-,:ciuse- P r I: nn

C r 0T CaS o)e.L Th is f ind ing c,_iro t~ t ,ssoc i a es t he d iagnors t icr prc r :b tih tha3t [.a3:
of the 'ncsciui tc 7jenome ( the > c-hromosome ; cur renti1 / Lin:ed as the bas_ S fr.. C to,-Ic
oe ic -Spe i at ion.

Fompati"I lit, of tht P4-. probe metric~d v>th thcsc;:,eas~ o
o lt-od (,'ea aon l ysi s. Ir, curder to detprmi re w'hether- t.e pr c!e -o-j1 1 tip se
assa, rin-q Ie ft)sq~Ji toe_ "or- t he- pi esenc & o the rii:3aria arste .. :b cti -i T--d u

ih-c ie'I spe riqiprs o-h I h had beer 1(e .m'.cated fc.;- 3t Ieast l : i It. 7 t

C ' - u t sc , ha I 1 1 1 ra Ir nP e a C, 3 c., or E
As c Y 1' we~ t'E2 te tie a.h T'~ ti- c s~ h iat IC 1.
4-1-1 4-i1C S i r t ~ L C-, ra -3 r I jIc Jit ~ -3 1r L~ iS

d, ~ iT Th p noor tionc- c-am-c-,e anc i at~- ~' -c j

F- ti).Jfd a:- t- tho)ze -,,sid hv ot r ur-s 1i~ ~ ; ~ ~ .~

E.~ r- i r : - 1 I~' h i . e .t f'f r rIs.-

Jr t p LZ -3 =

- -U - - 1,-'t
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1 2 3 4 5 6 7 8 9 10 11 12

9.5-

6.6- 44 6U
4.3-

2.3-
2.0-

0.56-

Fig. 3. Hybridization of pAGr12A to single dried male and female mosquitoes or
mosquito abdomens. Lane (1) A. gambi..ae female, (2) A.. gAqbiae female (blood-
fed), (3) A. qa.mb.iae female (abdomen only), (4) A. gAm..iae male, (5) A. arabien-
sis female, (6) A. arabiensis male, (7) A.- melas femae, (8) A. melas male, (9)

A. gambiae-A. arabiensis hybrid female, (10) A. g anbiae-A. arabiensis hybrid
male, (11) A. arabiensis-A. gambiae hybrid female, (12) A. a.rabins..sis-.A. g.amb.iae
hybrid male. Female parent is listed first for all hybrids. DNA from a single
abdomen is clearly more than sufficient to make a species identification. Fur-
thermore, the presence of a blood meal in the abdomen does not significantly re-
duce DNA yield. Dessicated individual pupae and larvae (all instars except the
first) can also be readily speciated.

-10- 'S



Table 1. Result of testing abdomens of A. g_ ia complex mosquitoes
collected in Asembo area of Kenya in October 1985.

Species DNA
I not

Abdomens from: A. g amb!a A. arabiensis readable
------------------------------------------------------------- 4---- ----------

Plasmodium falciparum

infected mosquitoes 47 (75%) 17 (27%) 8

---------------------------------------------------------------- 4---- ----------

Uninfected mosquitoes 78 (49%) 80 (51%) 19

Note: percentages are based on specimens which were identified as to 1

species. rhe sporozoite assay (cl) and DNA probe assay were per-
formed in December 1986.

%.
4S.
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Figure 1. Map of Kenya showing locations from which specimens were

obtained.
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1 2 3 4 5 6 7

96-

96G-

100-

Octanol dehydrogenase electromorphs found in the Kenya

field samples. Lane 1, A. arab iensis from the G/MAL

colony; lanes 2-3 are A. arnablensLs from Ahero; lane 4, is

an A. arabiersis (G/hAL) x A. atamblae (G3) hybrid produced

in the laboratory; lanes 5-7, are A. &Omhiae from the G0-66

colony established with specimens collected in Gombe.
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6.6- 40
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Figure b Hybridization of the pAgll2A probe to EcoRl digests

field-collected specimens. Lanes 1-5, individual

mosquitoes from different Ahero families; lanes 6-9,

individuals from Gombe families.
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Table Z. DIIA probe and Odh isozyme analyses of Anopheles zambiae complex

mosquitoes from Kenya.a

Location Probe-Checked Families ODH Alleles Present

No. Probe Result 90 95 98 100 105

Ahero 1 A. uambiae +

3 A. arabiensis + +

1 A. arabiensis +

1 A. arabiensis + +

Asembo 1 A ambtae + +

s a. ambiae +
1 .ambiae + +

1 arabiensis ++ +

1 A abiensis +

1 A-rabienss + + +

4 A rabiensi2 + +

3 arablengs +

Gombe 10 x. ambise +

1 A.arabienils + + 

I A.arabiensis + +

I a. rabiensis + + + .

I A.Arabiensis + +

3 A. arabiensis + +

Sabaki 86 A. amb +

25 A.irJhis s .+

a Results for mauterial from Ahero, Asembo, and Combe represent analysis

of at least two mosquitoes from each family for DNA type and an .

additional t 1o mosquitoes ior Odh isozynes. Results for material

from Sabaal represent DNA probe and Odh sozyme analyses cn single

osquitoes (the abdomen being used for Oh analysis and the

head-thorax portion being used for DNA typing).
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Table 3. Results of testing individual field specimens by Eft probe and cytogenetic methods.
-------------------------------------------------------------------------------------------

DNA RESULT
COLLECT ION CHROMOSOME- ----------------------------------------------

SITE RESULT SAME AS DIFFERENT FROM NOT DONE OR
CHROMOSOME :HROMOSOME NOT FEADAB3LE

ZIMBABWE A. arab. (10) 10 o
A. quad. (41) 41 C C

KENYA
Ahero A. arab. ('30) 76 C 4
Aser'bo/Boi A. arab. (26) 25 1 (A. gareb.)

A. gamb. (88) 70 1 (A. arab.) 17

N

- I .4
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